VAPOR-TENSIONS OF MIXTURES OF VOLATILE LIQUIDS. 615

0.1464 gram.
N 0.1464 ¢
Bereernanaaneaaeans o.1460
Bovonrnonnnnnnanans 0.1464

The separation of silver from copper and from cadmium is
just as rapid and complete as these last separations.

The deposits of mercury, gold, and silver, were carefully ex-
amined in the quantitative way for the various metals with which
they Iiad been associated; in every instance they showed them.
selves perfectly pure, so that these niethods can be relied upon
and trusted where accurate and rapid work is required.

The metallic deposits were washed and dried in the manner
described in previous articles.

During the progress of the preceding experiments behaviors
were observed pointing toward the separation of silver from gold,
and mercury from gold and from silver in cyanide solution, but
thus far expectations in these directions have not been realized.
When conditions apparently favorable were obtained, traces of
one or the other metal would be discovered in the metallic de.
posit, so that, at this moment, trustworthy and definite data
cannot be given.
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I. INTRODUCTORY.

HE investigation of the elastic forces or tensions of vapors
emitted by a solution of a fixed substance in a volatile
liquid has received much attention, especially within recent
years. ‘The lmpetus for iuvestigations of this kind is, inn a great
nieasure, due to the new notions that have been introduced into
science in regard to the nature of solutious. Tlie possibility of
ascertaining the molecular mass of a snbstance from a deternii-
nation of the aniount of the depression of the vapor-tension of a
liquid, occasioned by its Deing dissolved thierein in known pro-
portious, lias induced clewmists to study carefully this field of
scientific inquiry, which it may truly be said, lias been gone over
very elaborately.

In the greater part of the work that has been done. both theo-
retical and experiniental, it lias been assuied that thie dissolved
substance is not appreciably present in the gaseous state, and
but sparingly present in thie liquid state; in other words, the
dissolved substance is supposed to be involatile, and the solutions
are made dilute.

Now, absolute involatility in any body whatsoever cannot be
affirmed; there must always be, at every temnperature, some de-
gree of power of assuming the gaseous state, although it may be
so slight as to be imperceptible to our semnses. Still, for all
practical purposes, the assumption of non-volatility in many sub-
stances can be admitted, as our means of experimentation are
not sufficiently delicate to detect any sinall amount of volatility.

Although so much has been done ou thie vapor-tensions of
solutious of fixed substances in volatile liquids, comparatively
little attention has been paid to the study of the vapor-tensions
of mixtures of tlie volatile liquids; wvet this is the general case,
of whicl thie restriction that the dissolved substance be fixed
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makes only a special application. It must, indeed, be allowed
that the consideration of a mixture of vapors, instead of a single
one, introduces certain complications into the problem; and this
is, perhaps, just the reason so little work has been done on this
part of the subject; still difficulties of this sort are probably not
unsurmountable.

The limitations of work on vapor-tensions to dilute or, at
most, nioderately concentrated solutions cannot be said to be
satisfactory. True, the theory of solutions has been developed
on the hypotliesis that dissolved inatter, in analogy with gas-
eolts matter, is in a state of considerable dilution; and experi-
niental confirmations of theoretical predictions can be expected
only when such a state of affairs is realized. Notwithstanding
that circumstance, it seems of importance to extend our line of
operations and attack the problems presented by concentrated
solutions ; perhaps they will be found to exlhibit fewer anomalies
than has been supposed.

Tliere are two circtimstances which render work that has
hitherto been done on the vapor-tensions of mixtures of volatile
liquids of all concentrations unsatisfactory ; they are to be found
in the clioice of the liquids investigated, and the kinds of vapor.
tension measured. The liquids chosen were alnost invariably
those which are now recognized to be made up of associated
molecules; they are just those whicli exhibit the greatest
abnormalities in respect to most of their properties, and it
canuot be expected that simple relations, if they exist at all,
will be discovered when such liquids are used as material of
investigation. All investigators also, almost without exception,
have mneasured ouly tlie total pressure of the mixtures of liquids
examined, which is the sum of the partial pressures, these,
however, being entirely unknown. But more important is it to
know the share which each vapor has in the exerting of the
total pressure, and only when this is learned can our knowledge
of the matter be said to be in any adequate measure complete.

This paper seeks to fill in some degree this gap in the subject
of vapor-tensions. The method employed is such as to permit of
the specification of the partial pressures of a mixture’s compo-
nents, and also of their concentratious in the gaseous phase. Tle
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choice of the liquids has been made witli au eye towards employ-
ing those which have been found to be most ‘*normal,’’ so that
in the examination of niore complex liquids, that is, those con-
sisting of associated molecules, tlie simplicity to be expected in
the plienoniena of the former may aid us in getting some light on
the possible intricacies of tlie latter. Allthe mixtures examined
are freely soluble in one another so thiat 1o disturbing influence
from layer-formation can take place.

In reality, we hiave before us a case of equilibrium; the equi-
librating systeni consists of two substances, each present in two
phases, the liquid and gaseous. We lhave to ascertain at the
points of equilibriuin the temperature, the partial pressures of the
two substances in gaseous phase, and their concentration in both
liquid and gaseous phase.

2. HISTORICAL.

The first paper that I know of which treats of the vapor-ten.
sions of mixtures of liquids soluble in every proportion in one
another is by Gustav Magnus,’ who states that, when to a volatile
liquid, such as ether, contained in a barometric vacuum,
another less volatile liquid, such as alcohol, be added, the ten-
sion of the vapors of both liquids is less than that of the ether
alone; the cause of this behavior Magnus seeks in a certain
reciprocal attraction on the part of the two liquids. Magnus’
paper, being almost the first on the subject, coutains, as,
indeed, is generally the case with piouneer papers, some impor-
tant statements, which, through the labors of later investigators,
have become generalized into wide-reaching laws; but every:.
thing in it is purely of a qualitative nature, no reliable quantita.
tive data being given.

Regnault® in the course of his extended iuvestigations on the
elastic forces of the vapors given off by liquids, determined at

1 Ueber das Siedeu vou Gemengen zweier Fliissigkeiten uud ueber das Stosseu
solcher Gemenge., Ann. dev Phys. u. Chem. Pogg.. 3B, 481-492. 1836.

2 Ueber die Elasticititskriifte der Dimpfe beiverschiedenen Tetuperaturen itn Vacuo
und in Gasen: und ueber die Spanuung der Dimpfe aus gemengten oder geschichteten
Fliissigkeiten; Ann. der Phys. u. Chem. Pogg.. 93, 537-579. 7854, and Mémoires de I’
Academie des Sciences, 26, /862. Quatriéme Partie : Forces Elastiques des Vapeurs qui
sont Einises par les Liquids volatiles. Melangées par Dissolution reciproqtue on super-
posés. Troisié¢me Classes: Mélanges binaires des Liquides qui se dissolvent mutuelle.
nient en toutes Proportions, 724 aud 743.
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different temperatures by the static as well as dynamic nmethod,
the vapor-tensions of several mixtures of various liquids. Reg-
nault did not pay much attention to the composition and analy-
sis of the mixtures investigated, his object being mierely to get a
general idea of the relations of the vapor-tensions of the mix-
tures to those of the compotent liquids. Still there is but a little
doubt that the comnposition of the mixtures is specified with suf-
ficient accuracy to admit of his data being regarded as reliable
enough for theoretical considerations and confirmations. In a
later section are given his results so rearranged as to fur-
nish sonie indications of the nature of the phenomenon which
they represent. Regnault states in the papers printed in the
Mémoires de I' Acadimie that his experiments lead to the same
conclusions as those of Magnus; but in the German translation
(doc. cit.) fromm the Comptes rendus, he does not seem to have
given Magnus this credit, wlhich induced the latter in a paper'
immediately following that by Regnault, to call attention to liis
results published some eighteen years before (loc. cif). In this
last paper by Magnus nothing new is communicated, a consid-
erable part of it being occupied with quotatious froin his former
paper.

Pliicker’ determined by means of Geissler’s ‘' Vaporimeter”
the composition of the liquid and gaseous phases, as well as the
total pressure of the latter, of a system consisting of a mixture
of alcohol and water; the work has the stamp of having been
done with great care, and the accuracy of the results—rather
nieager, it must be said—can probably be relied upon.

Bussy and Buignet® in the course of their researches on the
physical properties of mixtures of liydrocyanic acid and water,
made determinations according to the static method of the vapor-
tensions of seven mixtures of tlie above two liquids (page 245 of
their memoir). The work, which was carriad ont at 13.25° is
fairly accurate, but the range of concentrations is not extensive
enough to permit of utilization of their results.

1 Ueber die Spanunkraft der Dampfe von Mischungeu zweier Fliissigkeiten: .4mn.
dev Phys. w. Chem. Pogg.. 93, 579582, 1452,

2 Untersuchuugen iiber Dimpfe und Dimpfgemenge: Ann. der Phys. u. Chem.
Pogg., 92, 193+220, 71854 : A continnation of this article was promised 1y the author, but 1
have been unable to find it aud regard its appearaiice as very doubtful.

8 Recherches sur 14cide cyauhydrique : A nn, Chim. Phys., (4] 3, 231263, 1864.
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While the preceding scientists for the most part endeavored to
find relations between tlie tensions of vapors ewitted by a mix.
ture, and those given off by its coumponents in a state of purity,
Duclaux' set himself about to get a knowledge of the relations
of the composition of the liquid wixture to that of tlie vapors
emitted. His method cousisted in distilling a large quantity
(rroo cc.) of a mixture of kuown composition and collecting
several distillates, thie composition of whiclt was determined
through tlieir surface teusions by weansof the ** Drop-metliod.”’
Duclaux, believing, for reasous which he does not state, that
simpler relatious are to be discovered. if the proportious of the
lignids in a mixture be expressed in volumes rather than in
weights, communicates results and data. whicli. as he neglects
to give any accurate indications as to the temperature at which
and the pressurc under which the mixtures investigated by him
entered into ebullition, aud as to the amount and direction of the
change of temperature as the boiling proceeded, 1t is fmpossible
to put into a shape permitting of comparison with otliers ; the
mixtures studied consisted of water and tlie series of alcolols up
to caprylic alcoliol, and of water witlt foric, acetic, and butyric
acids.

Wiillner* determined according to tlie static method® the vapor-
tension of five different mmixtures of ethyl alcohol and water at
temperature intervals of about 10° from 11.8" to 84.6°; also of two
mixtures of sulphuric ether and alcohol at temperature intervals
of about 3° from 7.2° to a little over 30°.  Wiillner had especially
in wind in his work the determination of the variation of con-
stanicy of the ratio of tlie teusion of the mixture of vapors to the
sums of the teusions of eaclt vapor aloue with tlie temperature:
1o ntentiou is niade of experimental details and of the purity of
tlie liquids experimented upon.

It may be well for the sake of conmipleteness to make mention

Isur les Forces lilastiques Emimises par les Mélanges de denx Liguides: Ann.
Chim, Phys.. [5] 14, 30530 345, 1328

2" 17eber die Spanukraft dev Diawmpfe von Filissigkeitsgemischen™: dnn. der Phys.
w. Chem. Pogg., 139, 353+366. 7866,

SAnn, der Phvs, . Chem. Pogg. 103, 534-542.
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here of Alluard’s,’ Berthelot’s,? and Brown’s® work on the boil-
ing points of mixtures of liquids, although little is to be found
therein which bears directly upon our subject.

An important experimental as well as theoretical iuvestigation
on the subject in question has been made by Konowalow.* The
niethod emiployed was the static, so arranged, however, that the
error arising from the change of composition of a liquid mixture
due to the evaporation of its components was reduced to a mini-
muit.  The deterniinations were made witlh mixtures of water
with each of the first four members of the series of alcohols,
C.H,.., 0, and of the series of acids C,H,, ., O, at several different
temperatures; the work of Konowalow may be looked upon as
very accurate.

Among Raoult’s numerous and important publications on the
vapor-tensions of solutions, there is one which deserves nmeution
in the history of the vapor-tensions of mixtures of volatile liquids,
even if one component of the binary mixturesinvestigated by him
has but a feeble tension of vapor. The paper referred to® treats
of the vapor-tensions of solutions of turpentine, nitrobenzene, an-
iline, methyl salicylate, and etliyl benzoate, all almost non-volatile
liquids, in ether; the determinations were made at ordinary tem-
peratures by the static method, and are to be considered as re.
markably exact. In a later section, the data will be given in a
modified form.

In the last five or six years papers by Planck, by LeChatelier,
and by Nerust, treating of the theoretical side of the question,
have appeared; from their importance as well as for convenience
of reference, their co..tents will be guite fully reproduced.

Max Planck® enunciated certain relations between the differ.

1 Experietices sur 1a Temperature d' Ebullition de gquelgues Mélanges biuaires de
Liquides que se dissolvent niutuellemeut en tous Proportious.” : Ann, Chim, Phys.. (4] 1,
3%4-392. 1894.

2+'Sur la Distillationt des Liquides Mélanges."” Compl. vend., §7,430(1863); Ann. Chim,
Phys.. (4] 1, 384-392. 186¢4.

8+ On the Distillation of Mixtures of Carbon Disulphide and Carbon Tetrachloride :
‘Transactions of the Chemnitcal Society of Londou. 39, 304. 7887.

4+ Ueber die Dampfspannuugen der Fliissigkeitgemischeu.”: Aan. der Phus.
Wied.. 14, 219, 1881.

5 'Ueber die Dampfdriucke Atherischer Losuugen.”: Zischr. phvs. Chem., 2,353-33.
1888,

6 Ueber die Dampfspanuung von verdiinuten Losungen flichtiger Stoffe.””: Zischr.
phys. Chem.. 2, 405-414, 1838.
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ence of concentrations of mixtures of two volatile substances in
equilibrating gaseous and liquid phases, and the depression of
the vapor-tension, whiclh permit of experimental verification.
Planck assumes the applicability of the law of Raoult-van’t Hoff
and that of Heury to the case of the vapor-tensions of mixtures
of volatile substances (liquids); that is, there wmust be direct
proportionality between lowering of vapor-tension and molecu-
lar concentration, and also between concentration in liguid phase
and partial pressure in gaseous phase; furthermore lhe states
expressly that his deductions are made for the case of dilute
solutions only, and that tlie substances in all phases of a system
counsist of normal molecules.

Such a system made up of a liquid and gaseous mixture in
contact may be represented by the symbol:

nm, nom A n'm', n'm,

where 2 and », represent numbers of molecules, and 7 and
niolecular masses; thie accented letters refer to the vapor, aud the
unaccented to the liguid; thiose written with the subscript have
reference to tlie dissolved substance, those without subscript to
tlie solvent; 7= aud »' are large in comparison with 7~ and 7"
The numerical concentrations of the individual substances are:

| 7

o _n, , n , ”,
(= o O ) (e = S
nn, -, n'-n, ',
If a reaction superveues occasioning the following changes in
the numbers of the molecules:

6n:6n . 0n':dn"=y y .y iy’

-
equilibrium occurs, in case this coundition,
yloge+y loge +y'logcd 4y 'log ¢ =log X,

is fulfilled'; A is a function of pressure anud temperature. Inthe
case before ns, we have two different reactions to cousider: the
vaporization of the solvent and that of tlie dissolved substaice.
Accordingly:

I. y=—1 y,=o0 ¥y =1 ypil=o

2. y=0 y=1 y'=o0 y'=1

The necessary conditions for equilibrium are:

1See M. Plauck. Ueber die Vermehrung der Eutropie. Anu. dev Phys. Wied., 32,
489. 1887.)
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—logec+logd=log K
—loge¢, 4 log ¢,/ =log K,
or, if it be taken into consideration that ¢ and ¢ differ but little
from unity, and if memnibers of higher degrees be neglected :
¢, —¢ =log K,
and ¢!
log —+=log X,.
cl

Only the first of these relations can be gotten into a form ex-
perimentally verifiable in the present state of our knowledge,
and, accordingly, it alone will be treated of in this review.

K is not a directly known function of temperature and pres-
sure, and in order to get its expression iu terms of those energy-
factors, use must be made of the thermodynamic differential
equation:

S(logk)y IV
T T

V being the change of voluine occasioned by the reaction at
the temperature 7, log K developed in a series according to powers
of (p—42,) becomes:

logK:‘logKu—f—(p__po)<ﬂ)é%{()o+...... Cees

The subscript (,) indicates that for p the value p, is to be
placed ; on account of the great dilution, (p—p,) must be small,
and hence all terms in the series can be neglected after the first

power. If the term i;:i’ be substituted for the differential quo-

tient, the equation

¢, —c¢' =log K,— (p——po)—%:?
is ohtained.

V, is the change of volume of the system, when, at the tem-
perature 7 and under thie pressure p,, a gram molecule of the
solvent vaporizes; accordingly we can put for it the molecular
volunie of the vapor, which is equal tO?T by Boyle’s and Gay-

Lussac’s laws; we then obtain

¢—c¢’ =lo Ko—p——_—p"—.
5T

[
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K, depends only on the temperature and remains constant
during isothermal changes of pressure. If we take p=p , we
have to do with the pure solvent. and ¢, and ¢, must be equal to
zero, as well as log A also; and generally we may put

4

»

In words this relation runs thus: ‘' The relative depression of
the vapor-tensiou is equal to the difference between the concen-
trations of the dissolved substance in the liquid and in the vapor.”

Planck also got another expression for the differences between
the coucentrations (¢,—¢,’) in the following mamner: If the equa-
tion ¢—¢'=1log KA be developed in a series according to the
powers of 77— 7, the series

'
o= =

log K = log K,+ (7—7) <.?l§g7_f¥ ) 4 .

is obtained. Treating thisequationin a way similar to that taken
in the previous case, and making use of the thermodynamic re-
lation,

o(log &) _ 0
Uog k) _ 0

we obtain the expression
: 1%
60 = (T—7) ki

where O is the heat whiclt is derived from the exterior, when a
grani-molecule of the solvent vaporizes at the temperature 7, and
under the pressure p. Planck accordingly enunciates this law:
*“ The difference in the concentrations of tlie dissolved substance
in tie liquid and in thie vapor is equal to the rise in the boiling
point, divided by tlie square of the boiling point and mmnltiplied
by the molecular lheat of vaporization of the solvent.”’

From experiments by Kouowalow (/oc, ¢if.) on mixtures of for-
mic acid and water and of isobutyl alcohol and water, Planck
calculated, according to liis two formulas just given, tlie concen-
tration in the gaseous phase, a satisfactory eorrespondence be-
tween tlie two sets of data being found.

Le Chatelier', in liis remarkable paper on chemical equilib-

1Recherches Experimtentales et ‘TThéorigues sur les Kquilibres Chimiqites: Extrait
des Anuales des Miues de Mars-Avril, 7838, 281,
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rium, devotes a section to the theoretical treatment of the vapor.
tension of a mixture of liquids. The expression finally arrived
at is quite complicated, and. although important results may be
probably obtained by its applications, it is not expedient to enter
into its developient here.

A. Winkelimann', in seeking experimental proof of the rela-
tious established by Planck (Joc. ¢if.) between the composition
of liquid mixtures and their vapors, condensed some of the va-
pors arising from a solution and ascertained tlie composition of
tlie condensed vapors, or liquid by measuring its index of refrac.
tion. The experiments were niade with mixtures of water and
propy1 alcohol ; there is undoubtedly a correspondence between
his experiments and Plauck’s theory, but it cannot be said to be
very close.

Nerust® also has found an expression for the concentration of
a volatile dissolved substaiice in tlie gaseous phase in terms of
vapor-tensions. If.z be the number of molecules of dissolved
substance contained in NV molecules of a solvent, &£ a factor of
proportionality correspoudinug to the absorption coefficient of tle
dissolved substaiice, aud p tlie partial pressure of tlie vapor of the
dissolved substance in the saturated vapors over the solution, by
Heury’s law, the equation

7
n+ N
may be formed. The vapor-tension of the solvent P is

N
P=P —
*N+n
where P, is the vapor-tension of the pure solvent at the tempera-
ture in question.
According to Dalton’s law, the total pressure of the saturated
vapor 7 of the solution is

Kp=

m=Ptp

1Ueber die Zusammensetzuilg des Dampfes aus Fliissigkeitgemischen: Ann. der
Plys. Wied., 39, 1-15. 1890,

2 Vertheilung eines Stoffes zwischen zwei Lésungsmittel und zwischen Ldsungsmit-
tel und Dampfraum : Dampfspauuuugen verdiiunter Losuugen fliichtiger Stoffe Zschr.
phys. Chem. B, 124, 1891,
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and the composition of the vapor may be showito be

7

n___°
QP EY Y

Where V' and »’ have the same significance for the vapor as
N and 7~ have for the liquid nixture.

Nerust gives in a little table a comparison of tlie data calcula-
ted by his formula with those obtained by the use of Planck’s
formula, both in turn being compared with the results of Win.
kelinann’s experiments.

TaBLE I.
Mixiture of 6.2 grams propyl alcokol and 93.8 grams waler.

Per cent alcohol iu vapor.

_" _ Winkel-
¢ Pt T P ? N 4u" manm.  Nerust, Planck.
58.0 64.2

17.65 15.0 20.8 14.7 6.1 0.293
31.5 31.3 30.7  eees 52.3 59.4 66.0
40.3 55.7 79.4 54.6  24.8 0.312 7.4 60.2 67.2
51.0 96.7 138.7 94.8  43.9 0.316 0.8 61.9 67.7

It is apparent that Nernst’s calculated data correspond better
with the data observed than do those calculated by Planck’sfor-
mula, although the correspondence in no case can be reckoned
very close; it must be kept in mind. however, that Winkelmaim's
method is not very exact, and that the vapor-tensions and com-
position of distillates have been measured on chemical prepara-
tions from different sonrces. A difference, whiclh may be called
an advantage, between Nernst’s and Planck’s formulas, is that
the foriner is not, like the latter, restricted to the cousideration
of dilute solutions ouly.

Nerust has also developed certain views in regard to tlie vapor-
tensions of binary mixtures of volatile liquids.

Taking as base of liis considerations the empirical law: the
vapor-tension of a liquid is lowered wlen a foreign fixed sub-
staince is dissolved in it; he states that thislaw is applicable also
to solutious of volatile substance, only, in this case, the superin-
cumbent vapor consists not of that of tle solveut alone, but of a
mixture of those of the dissolved liquid and of the solvent; the
gaseous phase of the system contains both components of the so-

1 Theov. Chem, 97, 1893, aud Siede und Schimelzpuukt, 6;. 1804,
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lution, and according as the partial pressure of one component is
greater or less than the diminution of the vapor-tension of the
other which it causes by its presence, the total tension of the so-
lution is greater or less. If now a small quantity of aliquid, A,
be added to a liquid, B, the vapor-tension of B will be dimin.
ished proportionally to the quantity of A added; but the total
pressure of the resulting solution will be increased, inas-
much as A as well as B gives off vapors, and the partial pres-
sure of A is so much the greater as the solubility of the vapor A
in the solution is smaller. According as the first or the second
influence preponderates, the vapor-tension of the solution will be
smaller or greater than that of the liquid B in a state of purity.
Since the properties of such a mixture must vary continuously
with the composition, the influence of the proportions of the two
liquids upon the vapor-tension of the mixture may be considered
under three cases.

I. The vapors of both A and of B are easily soluble in each
other. If we add ever-increasing quantities of A to B the vapor-
tension of the mixture will at first sink to a minimum and then
rise, until, when a very great quantity of A has been added, it
will approximate to that of the liquid A in a state of purity.

2. The vapors of A and of B are but sligltly soluble in each
other. If coustantly increasing quantities of A be added to B,
the vapor-tension increases, reaclies a maximuin, and decreases
when a large excess of A has been -added, to that of the pure
liquid A.

3. The vapor of A is easily soluble in B, while the vapor of B
is but slightly soluble in A. The addition of constantly increas-
ing quantities of oue liquid to the other causesthe vapor-tension
of thie resultant mixture to pass without maximumn or mininum
from the vapor-teusion of tlie second liquid to that of the first.
But it is perhaps possible that the vapor of B in A is so difficultly
soluble that the addition of a sinall portion of B to A elevatesthe
vapor-tension, while at the same tine the vapor of A is so easily
soluble in B that by addition of A to B the vapor-tension is low-
ered. In that case, when B is added to A the vapor-tension in.
creases at first, passes through a maximuni, decreases to pass
through a minimum, finally rising and approximating, when
great excess of B is present, to that of the pure liquid B.
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Recently, George U. A. Kahlbaum'and his assistauts have de.
termined according to the dynamic method the vapor-teusions at
different temmperatures of mixtures of water with formic aud with
acetic acid; also of mixtures of various acids of the fatty series.
The determinations, which are very numerous, have been made
by a metliod and with material undoubtedly capable of giving
the best of results; it is to be regretted, however, that associa.
ted, instead of normal, liquids were taken.

It is seen in the foregoing historical sketeh that only in the
rarest cases have mixtures of normal liquids been investigated
as to their vapor-tensious, and tlie partial pressures of the consti-
tuents of the vapor been deternnuied. Now, as already stated
on page 617, in order to get a full knowledge of the phenomena
of vaporization of mixtures of volatile liquids, we must learn
what the partial pressures of each is, when converted into vapor
in equilihrium with the liquid plase: and we are tlie more
likely to get clear ideas by investigating thie simplest mixtures
first, that is, mixtures inade up of simple normal molecules.
Having by cousiderations similar to these been led to take nor-
mal liquids to form the mixtures, the vapor-tensions of which
are to be determined, my first task was to devise sonie experi-
mental method, which furnislies a means of measnring the par-
tial teusions of the vaporous mewmbers of a system of bodies. In
order to do tlis, it is alinost indispensable that the cowposition
of the vapor be knowun, for, that being the case. it is easy to dw=-
termine wlhat part of the total pressure is to be attributed to each
of its components. The problem tlien reduces itself to oue of a
siiiple analysis; but the difficulty is to get the vapor away from
the liquid witlt which it is in equilibrium witlhiout its composi-
tion beconting changed during the operation. Tf tlie so-called
static method of determnination of vapor-tensions be adopted, it
is possible by euniargement of the barometric vacuunt to be filled
by the vapor, and, after equilibrinm has been attained, by sepa-
ration of the liquid from the vapor by nieaus of a stop-cock or
other arrangeuent, to get enough of vapor to permit of its analy-
sis.  But a small anount can he obtained, liowever. and there is

1s$tidien tiber Dampfkraftnessuugen. Basel, /Y3
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great danger that the composition of the liquid mixture becomes
considerably changed.

It is possible to collect some of the condensed vapor given off
by a boiling mixture of liquids, and determine its composition,
as did Duclaux in the paper cited above (page 620). Here,
although it is easy to get a sufficient quantity of the condensed
mixture of vapor to permit of quite accurate analysis,—provided
that a method of analysis of the two liquids in question had been
elaborated,—the change of concentrationof the solutionduring the
boiling as well as the concurrent change of temperature, together
with the other disturbing circumstances, render the accuracy of
such work rather illusory.

Accordingly, another means of determination of vapor-ten.
sions had to be found for the purpose of this investigation : and,
indeed, the method founded upon the determination of the quan-
tity of a volatile liquid carried off by a definite volumne of an
inert gas made to pass through it, and the direct subsequent analy-
sis of the gaseous mixture, either by passing it through appro-
priate liquid absorbents, such asan alkali, where one of the com-
ponents of the gaseous mixture is an acid, or over decomposing
agents, such as red-hot lime, etc., in case one of the components
contains sulphur or a halogen, has been adopted ; the method,
be it said right here, has been found to nieet the requirements of
the investigation in a satisfactory manner. It is, indeed, true
that the variety of the liquids which can be subjected to investi-
gation is limited, for one member of a mixture must needs be a
lignid containing a halogen or sulphur atom, or anacid. Still it
is possible to find enough such liquids of differing functions that
the results obtained by them can without question be transferred
to mixtures made up of any normal liquids whatsoever, and any
conclusions drawn, become general.

3. DESCRIPTION OF APPARATUS.

It is of prime importance in the determination of vapor-ten-
sions that the temperature be kept uniform; accordingly I
describe, first of all, the apparatus employed for that purpose.

Thermostat.—This consisted of a cylindrical copper vessel
holding nearly forty liters of water. It was heated by means of
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a ring burner; the pressure of the gas was kept constant by
means of a pressurc-regulator, and a thermo.regnlator as de.
scribed by Ostwald,' controlled the combustion of the gas. To
insure uniformity of temperature in all parts of the batl, the
water was kept in constant agitation by means of a nuniber of
finte streains of air blown up througlh it. the laboratory being
provided with air under pressure. Such a means of agitation
gives very satisfactory results: it takes up but very little roowm,
and permits of tlhe examination of the pieces of apparatus
plunged in the water by shutting off for a few secouds the flow
of the air.

The temperature of tlie bath remained constant towitliin 0.05°
during an experiment; the tliermometer emploved was one
graduated to tenths of degrees, and lhiad recently been tested by
the ' Phystikalischie Reiclisanstalt’’ of Berlin.

The apparatus consisted of thiree principal parts, eacl made
up from mnaterial easily found in almost every chemical labora.
tory. The first part cousists of tliose pieces required to nieas.
ure a definite volume of air. to compress it enough to force it
through the apparatus, and to dry it thoroughly; the second
part is the contrivance for saturating tlie volume of air with the
vapor of the liquid under examination; and the third is the
arraugement for the analysis of the gaseous mixture.

Lirst Principal Part of Apparatus.—'This cousists of a meas.
uring vessel, a vessel for regulating thie internal pressure, a
maunometer, and a system of drying-tubes. I passto tlie descrip-
tion of eacl.

The Measuring essel consists of an ordinary bottle of a
capacity varying from one to three liters, according as it i3
required to employ a larger or a sinaller volume of air; the
height of the bottle should be such that only the neck is above
the water; in its neck is fitted a good rubber stopper thirough
whicli passes one branch of a T tube. Thisbranch of the T tube
is made of tubing of about a quarter inch bore, and is about eight
inches long, while the other branch has only half this bore, with
a length of about three inches, The wider brancl of the tube is

L Zischr, phys. Chem . 2, 565, 1888,
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pushed through the stopper so that its loweér edge is just flush
with that of the rubber, and care is taken that this adjustment
is in every experiment maintained, as well as that the stopper is
always inserted to the same distance in the neck of the measur-
ing vessel. In the upper end of the wider branch of the T tube
is inserted (an air-tight joint being assured by the use of rub.
ber tubing) a tube somewhat drawn out and narrowed at its
lower end, and provided with a stop-cock at its upperend. The
end of the lower part must be about a half inch above level of the
stop of the measuring vessel, and the upper end is put, by means
of a piece of rubber tubing, in connnunication with a water sup-
ply at constant level about a yard above the thermostat. If the
stop-cock be opened, water will flow into the vessel, and dis-
place the air therein contained which escapes through tle side
branch, which, being in tlie middle of the vertical brancl, is an
inch or so above the orifice of tlie tube introducing the water.

Sufficient mercury is poured into the vessel to make it sit
firmly on the floor of the thermostat. The residual volume of
the vessel is carefully determined by pouring into it from gradu.
ated vessels, enough water to fill it up to the level with the
upper surface of tlie stopper. If the adjustment of the stopper
and the tubes be always the samne, duplicate determinations of
the capacity do not differ by more than one-half cc. If thesame
volunie of 1nercury always be taken, tlie volume of water will
represent the volume of air passed through a liquid or mixture
of ligquids undergoing investigation in all determinations.

It is superfluous to make corrections for the expansion of the
mercury and the glass when detenminations of vapor-tensions
are made at higher temperatures, as the error of the estimation
of the capacity exceeds the amount of the corrections.

The Pressure Regulator consists of a bottle of any convenient
size, provided with enough mercury to make it stand steadily
under water, and fitted with a twice perforated rubber stopper.
Through one of the holes of the stopper passes a tube nearly to
the level of the mercury and furnishied with a stop-cock at its
upper end ; this tube is connected by means of rubber tubing
with the same water sonrce as the measuring vessel. In the
other hole is fitted a T tube, of which one of the horizontal
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branches is connected by nieans of a bit of stout rubber with the
narrower branch of tlie T tube belonging to the measuring ves.
sel, while the other is attaclied by rubber tubing to the other
parts of the apparatus. If water be 1un iuto thie bottle serving
as pressure regulator, the air in it is compressed nutil it can
force itself through the liquid with the vapor of which it is to be
saturated.

The Manometer is intended to measure thie amount of this
compression or the internal pressure; it is made of ordinary
glass tubing bent into |

i =
\“;)_ :t shape, witlh the branches
\’Jiti Z about two feet long. Itmay
S N be put between the nieas.
}%i ;z uring vessel and the pres-
1“51 ‘ } sure-regulator, or between
B the dryving tubes aud the
. . latter ; 1 have found it most
' .,.,,,/ 3 couvenient, however, to
o D : melt it into the vertical
J\m; branch of the T tube of the
\\‘ ? i wieasuring vessel just oppo-
“V.JL il et Site thie horizoutal branch,
7 i F ;1 i I et Bt as sllown in Fig. 1. The
| i | manouietric liquid is water,
lgle and the differences of the
; j heights of the liquid col-

é umus of the two branches,
o is read to a millimeter by
: weans of a metric rule; the
% readings are then easily
exact to a tenth mm. of
! niercury.
f The Drying Tubes can, of
FIG. 1. course, be of various shapes
and filled with various drying agents. Liquids, such as strong
sulphuric acid, mnst be rejected, liowever, as they increase the
internal pressure, and often cause an irregularity iu the flow of
the gas. I found | tnbes to be the best shape, aud grains of
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pumice stone, soaked in concentrated sulphuric acid, the best
drying agent; a length of at least sixty centimeters is to be
taken, and the pumice must be changed often. When it be.
comes necessary, in work on acid solutions, to remove the carbon
dioxide from the air, an additional tube filled with soda lime is
taken. At the end of the last |J tube, a mercury valve is attached
to prevent the backward diffusion of the vapors; this is of the
smallest size convenient, and the delivery-tube dipping into the
mercury of capillary dimensions.

Second Principal Part of Apparatus. This is the absorption
vessel, which may consist of a simiple potash bulb according to
Mohr. I found it better, however, to add two more bulbs, making
five small and two large ones. As liquids which dissolve rubber
somewhat were often introduced into the apparatus, and as it
was necessary to let it stand sometinie before weighing, the outlet
and inlet tubes were provided with tiny ground glass stoppers.
At first the bulbs were shut up i1 a copper case set in the ther-
mostat ; the case had holes in its sides, below the surface of the
water, for the conduction and abdnction of air, platinum capil-
laries and ground glass caps being employed to make the con-
nections. This arrangement was not, however, found satisfac-
tory, since one was never sure, air being such a bad conductor
of heat, that the contents of tlie bulbs had the same temperature
as that of the bath. Also, tlie platinum tubes proved to be very
delicate, breaking readily if bent often, which was inevitable.
It was accordingly found best to plunge the absorption vessel
directly into the water of the bath, connection with the system of
drying tubes being made with a bit of stout rubber tubing of
small bore. When the vessel was removed from the water it
was carefully wiped dry and set in the balance case, the atmos-
phere of which was kept dry by means of concentrated sulphuric
acid.

Third Principal Part of Apparatus.—In order to analyze the
mixture of vapors issuing from the absorption vessel two modifi-
cations of this part of the apparatus are required—one to be em-
ployed when tlie gaseous mixture contains a halogen compound
of carbon, and the other when it contains an acid. In the first,
the compound was decomposed by heated limne, and, in the sec-
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oud, the acid was absorbed by a solution of potash or baryta.
In the following lines a description of eacl is given:

(1) The outlet tube oi the ubsorption apparatus is fitted by
means of a good cork into one brancli of a || tube of rather thick
glass; this branch is bent at right angles at about the wmiddle of
its lengtly, while the otlier brauch is left straight. The latter
branch is lield clamped to a heavy and hence steady retort-stand
set beside the thermostat, and 1s connected by means of a narrow
lead tube to a tube of hurd glass pluced in the gutter of a com-
bustion furnace. In the further cud of the hard glass tube, a
Maquenne absorption apparatus, containing a little dilute nitric
acid, is inserted, thie connection being made with a rubber stop-
per: this outlet of the absorption apparatus is 11 communication
with a suction pump, aud in the rubber tube making this con-
nection a T tube is interposed. over the open end of which is
slipped a piece of rubber tubing loug enouglh to reach to the
thermostat. Wlen this tube is open, the interior of the apparatus,
up to the liquid in the absorption vessel, is undev atmosplieric
pressure; if it be pinched together a little so as to prevent
enouglh air to feed the suction pump from eatering. the pressure
in the apparatus may be wade less than that of the atmos.
phere: by this little device it 1s possible to regulate the pressure
withh great uicety.

{2) This anulyzing apparatus consists simply of a potash
bulb, according to Liebig, made of thick glass; one branch is
flared out to receive the outlet tube of the absorption vessel, and
tire other 1s straight so as to glide up and down in a clamp of a
retort stand.

The pieces of apparatus just mentioned will receive comple.
mentary description in the directions for performing experiments.

Lerformance of an Experiment when the Mixture Contains an
Organic Halogen or Sulphur Compound.—The hard glass tube
{about eighty cut. long) is filled with lime or sodiumr carbouate
just as in a determination of halogeusin organic analysis, joined
to the lead tubing which establishes commuunication with the |
tubes held in a clamp just above the surface of the water in the
thermostat, and placed in the furnace. The gas is now lighted
and tlie tube with its contents lieated up to a red heat, while a
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current of dried air is passed through it to remove all moisture.

The measuring vessel, the pressure-regulator, and the system
of drying-tubes are joined air-tight together, and so set in the
thermostat that 4s much room as possible is left for the absorp-
tion vessel.

The absorption vessel is filled with the liquid or solution under
examination, a few bubbles of air drawn through so as to get the
liquid beforehand in the right position,and carefully weighed.
It is then connected with the || tube (of course, no air is now
being passed through the analyzing tube), and after a couple of
minutes of half submersion in the bath, it is attached to the sys-
tem of drying tubes. It is now wholly subnierged in the bath
and air is made to pass through it as follows:

The stop-cock of the pressure-bottle is opened so that water
may be run in slowly and, by compression of the air, gradually
increase the internal pressure. As soon as bubbles of air com-
mence to pass out of the absorption vessel, the stop-cock of the
pressure-regulator is closed, and that of the measuring vessel
opened. The water issues in drops or a fine stream in full sight
of the opeiator, andits rapidity of flow can be very easily regu.
lated. Experience has taught me that about aliter an hour was
abot the best rate; after a brief acquaintance with the apparatus,
it is possible to judge very closely from the rate of the flow how
long it will take for the measuring vessel to become filled.
While the operation is proceeding, the height of the manonietric
colunin is read off at several different times; if the rate of flow
is constant this does not vary by more than one or two nmu. of
water, or less than one-tenth mm. of mercury.

The barometer is also read off at the beginning and at the end
of the experiment: in all my determinations, the difference of
the two readings was less than one mni. of mercury.

A minute or so before the nieasuring vesselis full, the absorp-
tion bulbs are lifted out of the water enough to bring the end
tubes about two iuches above the surface, and there, together
with the joining tube on one side and the cork and end of |J tube
on the other, are carefully dried with filter.paper. When the
water in the measuring flask has reached the mark on the T tube
(level of cork), the absorption vessel is detached from the dry-
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ing tubes, and the little glass stopper fitted into its iulet tube.
Immediately after this operation, tlhie connection between the
absorption vessel and the |J tube is broken, and as soon as this
is done a perforated cork, througl which passes a narrow glass
tube so bent at right angles that a long vertical branch is
obtained is fitted into the | tube, its object heing to preveut the
escape by diffusion of any portion of vapor contained in the |
tube. A current of air is now drawn thirough the tubes. slow at
first to avoid causing too much vapor to pass over npon the
lieated lime all at once, as, if there be a deficit of air, the com-
bustion is inconiplete, and free carbon coliects in thie cooler por-
tion of the tubes; in a well conducted experiment, the lime
shiould remain perfectly white. Towards tlie eud of the deter-
minatioi1, a more rapid stream of air is drawu tlirough the appa-
ratus, so that one may be sure that all the halogen compound
llas been brouglit into countact in thie decomposing agent. If any
free carbon collects in the tube or if the dilute nitric acid in the
Maquenne absorption bully shows on the addition of silver nitrate
the slightest trace of cloudiness, the dctermination ought to be
rejected as untrustworthy.

The absorption vessel, as soon as possible after its renioval
from the water in the thermostat, should be closed with the
second tiny stopper, wiped dry, aund set in the balance case,
where it takes on tlie temperature of the room. When this is
thouglit to have taken place, itis weighed, and the loss of weight
set down as the evaporated quantity of solution. When the fur.
nace has cooled dowu. tlie lime tube is removed and its conteuts
waslied out witlt water and nitric acid into a flask, which is set
over a flame and boiled until cowplete solution ensues, more
nitric acid being added, if necessary. If more than a half gram
of tlie lhalogen compound has evaporated, tlie solution is brought
to a certain volume and an aliquot portion of it taken for analysis.

Most of the analyses were made by tlie gravimetric niethod of
deterinination of lalogens by precipitation with silver nitrate ;
some, also, were analyzed volumetrically, Volliard’s method
being eniployed.

Performance of an fExperiment when the Mixture contains an
Acid —The absorption vessel is filled witli tlie mixture being
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investigated, and weighed as described above. It is then joined
by means of a good cork to the analyzing apparatus, into which
are run from a pipette ten cc. of a stock solution of potash or
baryta; the pipette being provided with a straight calcium chlo-
ride tube filled with soda lime, all contamination from the
carbonic acid of the breath is avoided. The alkaline liquor is
of such strength that it is more thian sufficient to neutralize the
vaporized acid. The further end of the analyzing arrangement
is closed with a |J tube filled with soda lime so that the alkaline
solution may be in contact with an atmosphere free from carbon
dioxide.

The two pieces of apparatus thus filled and joined together
are snbmerged in the water of the thermostat, the whole being
held in place with a clamp embracing the upright tube of the
analyzing contrivance and attached to a heavy retort stand.
The other end of the absorption vessel is then placed in com-
munication with the drying tubes, etc., by means of a short bit
of stout rubber tubing.

The internal pressure is regulated and the air passed just as
described in the preceding section, note being taken of the
amount of internal pressure, the volume of the air and the bar-
ometric height. A slight correction has to be made to the baro-
metric reading for the following reason : after the air passes the
liquid contained in the absorption vessel and comes into the
analyzing tube, it is under a pressure equal to that of the atmos-
phere plus that due to the weight of a column of liquid corres-
ponding to the difference of level between the two surfaces of the
alkaline solution ; this, in my apparatus, was determined to be
equal to one mm. of mercury, which was added to all barometric
readings.

When the measured volume of air has passed through the
apparatus, the stop-cock, through which water enters into the
measuring vessel, is closed, the absorption and analyzing ves-
sels are lifted nearly out of water, and after the joint between the
absorption vessel and the system of drying tubes has been wiped
dry, it is broken. Both the pieces of apparatus are wiped dry
with bibulous paper, and agitated somnewhat so that any acid
vapors in the bulbs may be brouglht in contact with and absorbed
by the alkaline liquor.
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Tlhe pieces are then discounected, the absorption vessel stop:
pered and set in the balauce.case. while the couteuts of the
analyziug vessel are poured into a beaker, rinsing being done
with water free from carbon dioxide. Without delay, tlie excess
of alkali is estimmated by titration against deci-normal acid solu.
tion, anud by a simple calculation, the quantity of evaporated acid
is obtained.

4. CALCULATION OF RESULTS.

In the calculations it is assumed that the laws of perfect or
ideal gases may be applied to the mixtures of vapors; that is,
the laws of Boyle, Gay Lussac, and Dalton. Where not too
mucli vapor is present in tlie gaseous mixture the legitimacy of
this assumption is unquestionable; and even though this condi-
tion be not fulfilled, the approximnation to accuracy may be
sufficient (see section 6).

Calculation of Volume of Air Passed Through a Mixture.—In
order to force the air in the measuring vessel througlh the liquid
inn the absorption vessel, it is necessary that it be brought under
a pressure equal to that of the atmosphere plus that required to
vertically displace the liquid contained in thie bulbs, the latter
pressure varving with the density and amount of the mixture.
Tlhe volumne of theair under atmospheric pressure inay be obtained
thien as follows:

Let £ represent the pressure of the atmosphere. Let £’ repre.
sent the pressure which forces the air through the liquid. Let
V'’ represent the voluine of air under the pressure P-4 7', Let
V represent the volume of air under the pressure /2.

According to Boyle’s law, and inasmucl as tlie temperature
remains coustant,

p= LELHIT
P

Calculation of Composition of Mixture of Ligquid Vaporized —
As this calculation is simply one of quantitative aunalysis, it is
not necessary to treat of its details.

Calculation of Partial Volumes of Mixtures of Vapors.—Let m
represent the quantity of one component in the gaseous mixture.
Let M represent its molecular mass. Let 22.32 represent the
volume in liters of a gram-molecule of hydrogen at the tem-



OF MIXTURES OF VOLATILE LIQUIDS. 639

perature o° and under the pressure 760 mm. Let &« represent
the coefficient of expansion. Let », represent the volume of
vapor at the temperature of the determination ¢ and under the
atmospheric pressure p. We then have
b= 2232 77 700

Calculations of Partial Pressures of Components of Vapor Mix.
ture.—Let v, represent partial volume of one component. Let
v, represent partial volume of the other. ILet v represent partial
volume of air. Let p, represent partial pressure of one com-
ponent. Let p, represent partial pressure of the other. Let p
represent the atmospheric pressure.

In accordance with Dalton’s law,

—_ vx
2= o T
and
v

=? oo

5. DISCUSSION OF SOURCES OF ERROR IN APPARATUS.

2

In order to make a just estimate of the degree of accuracy
attainable by the above described apparatus, it is necessarv to
consider somewhat in detail the possible sources of error that
may accompany a determination of the vapor-tension of a liquid
made by it.

Error in Measurement of Volume of Air Passed Through the
Absorption Vessel.—At the beginning of an experiment, both sur-
faces of the liquid under examination are under atmospheric
pressure; by compression of the air in the reservoirs and drying
tubes it is forced through the system of bulbs of the absorption
apparatus. If, in all experiments, the same volume of liquid be
taken, the amount displaced will be the same, and the internal
pressure will be greater or less, according as the liquid employed
is more or less dense. The internal pressure in some determi-
nations varies slightly during their performance; the variation,
however, never exceeds a millimeter or so of mercury. The use
of a column of water to measure the internal pressure renders
its determination very exact. Theatmospheric pressure was found
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to reinain practically counstant during an experiment, which sel-
dom lasted more than an hour and a half. The crror arisiug
from the determination of the pressure to which the air in the
mterior of the apparatns is subjected. can accordingly be reck-
oned so slight as to be entirely negligible,

The mercury filled into the neasuring vessei for the ballast,
as well as the volume of water used to calibrate the same, can
be measured to witliin a half cc., aud as front 100 to 300 cc. of
niercury and 1.000 to 3,000 cc. of water were takei, the error
committed camot be more than a thousandth of volume of air,
and, in most cases, is probably less.

The air is, from the way it is forced from the measuring ves-
sel, always measured wlhen saturated with aqueous vapor. The
dryving tubes are always to Dbe so filled with the dryving reagents
as to leave as little room as possible; I found, however, by spe-
cial experiments, that the shape aud size of the dryiug tubes
exercise 110 appreciable influence upon the quantity of liquid
carried off by the air; the ouly requisite seems to be that they
dry the air thoroughly.

All the parts of the apparatus employed in measuring the vol-
unte of air being completely submerged in the water of the ther.
mostat, there is no possibility of error arising from non.uniformity
of temperature. The temperature of the water whicl expelled
tlie air was, in most of my experiments, about 20° lower than
thiat of the thermostat, but it entered the measuring vessel so
slowly that it took on the temperature of the bath without dis.
turbing, to any appreciable degree, the prevailing thermal con.
ditious. That thie water introduced took on rapidly the tenipera-
ture of the bath was proven by the circumstance that, when, at
the end of a deterniination, the flow of the water was stopped, and
the level of the letter was flusli with the gnage.-mark, if the
measuring vessel, wlich in this condition might be said to be a
rude but still quite delicate thermometer, was allowed to stand
nudisturbed for some time, no expansion or, at most, but very
sliglht expansion of the water occurred.

Frror from Change of Concentration of Mixture.—A source of
error is to be found in a possible ‘change of the concentration
caused Dby one or the other of the components of the mixture
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being carried off by the air in sucli quantity that the composition
of the residual mixture is not the same as at the beginning of an
experiment; I think, however, that thie error introdnced in this
manner is so slight as to be practically negligible, and for the
following reasons:

I. The shape of the absorption vessel is such as to form five
chambers almost entirely independent of one another as far
as their contents are concerned. The streamn of air becoues
saturated in passing tlirough the first two or three bulbs, and
passes through the last two witliout changing, to an appreciable
degree, the composition of the mixture coutained in them.
That saturation is complete after the air has been passed tlirough
the first three bulbs, I assured myself by special experiments;
that is, I filled only thie three first bulbs, and found, on passing
a certain volume of air through them, that the evaporated quan-
tity of liquid was the same as wlen the same volune of air
under similar conditious was passed with all the bulbs filled
with tlie liquid.

2. As from forty to eiglity granis of solution were taken in a
determination, and as tlie quantity evaporated rarely exceeded
two grams, it is evident that, even if, towards the last of the
experiment, tlie cotcentration of the first bulb liad altered some-
what. the composition of the mixture in the fifth bulb would
remain practically unchanged.

3. Most of the mixtures examined were made up of liquids
possessing not greatly different vapor-tensions, so that the vapors
of both liquids passed off in about the saue proportious.

Error in Analysis of Mixture of Vapors.—The mixture of
vapors on escaping from the absorption vessel passes into the |
tube, and thence througl the lead tube iuto the analyzing tube.
In order that no vapor may condeuse in the end of the |J tube
flared out for the reception of tlie cork through which passes the
outlet tube of the bulb apparatus, the latter tube is ground iuto
the horizontal branclh which is somewlhat constricted for that
purpose; thie cork is employed to give solidity and stiffness to
the juncture. It is believed that by this means all the vapor
passes into the lorizontal branch of the |J tube where it is
directly exposed to the action of the entering current of air.
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Necessarily, tlie outer braucl of the {J tube has to project a little
out of the water of tlie bath iu order that the lead tube may pass
over the side of the thermostat; lience, as the upper part and
the lead tube are generally at lower temperature than the water
of the Dbatli, some coundensation of the vapors occurs; the con-
densed vapor runs down the tube to collect at the bottom.
In order to vaporize this liquid aud cause it to pass over the
glowing lime, it is necessary to pass a current of air through the
tubes to complete the determination. Iu this operation, two
sources of error may be encountered: First, wlien ilie connec:
tion between the absorption vessel and the | tube is brokeu,
some of the vapor witl whicl the tubes are filled may diffuse
out and be lost; and second, thie vapor may be carried aloug
too rapidly with the air to permit of its complete decomposition
by the heated lime. Tliere seems to be no simple means of
avoiding slight loss of vapor : still, by careful maunipulation and
rapid operation. the loss may be rendered inseusible.

My mode of operation was as follows: Holding between tle
thiumb and first finger of my right hand the little stopper of the
absorption vessel, and between tlie thumb and the first finger of
my left hand the cork and tube to be fitted into the lorizontal
brauch of the | tube, I withdrew the cork, and at ouce inserted
in tlie | tube the cork and tube. The time that the ends of the
pieces of apparatus were open was less than two seconds, so that
the loss must have been minimal.

A circumstance whicl aids 111 the prevention of loss by diffu.
sion is, that the heated lime tube causes a slight draft towards
it when thie | tube is opeu. It is certaiuly legitimmate to coi-
clude that the error from this sonrce is exceedingly slight.

In regard to the second source of error thie greatest precau.
tious must be taken to prevent its assuuming Jdisturbing propor-
tions. As soon as the counection between the absorption vessel
and the | tube has been secured, the pinch-cock on the end of
the rubber tubing (see page 633) is closed a* little so that air is
drawn in a slow stream througlh tlie tubes at first, and faster
afterwards (see page 634). The amount of error due to this
source is best determined by special experiments in which a
weighed quantity of a pure halogen compound is introduced
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into the absorption vessel, a certain volume of air passed
through it, all the wusual precautions in determining a
vapor-tension being observed, and a comparison made between
the loss by vaporization and the amount of the compound calcu-
lated from the quantity of halogen found in the lime; naturally
the loss should, in case no error of experimentationhas occurred,
be equal to the quantity of liquid corresponding to the halogen
found by analysis. T'wo experiments were carried out, one with
carbon tetrachloride, and the other with chloroform. The dif-
ference between the weights and the liquids before and after the
passing of the air was for chloroform 1.go14 grams, and for car-
bon tetrachloride 2.0178 grams; the results of analysis gave the
amount of chloroform to be 1.9o22 grams and that of carbon
tetrachloride 2.0167 grams. As is seen, the differences between
the two sets of results are not more than those due to the errors
of analysis, and it seems that the error due to the analysis of the
mixture of the vapors is very slight.

When an acid is in the mixture whose vapor-tension is being
determined, the error attendant upon the determination of the
amount vaporized cannot be more than that incurred in a titra.
tion, since there is no chance for the acid to escape, so quickly
and directly is it brought in contact with the absorbing alkaline
liquor. In a special experiment, the loss of acid from the
absorption vessel was 0.2go8 grams, while a titration of the
solution of baryta gave as the amount of acid 0.2896 grams.

While the errors of the experimental method here described
seemn to be slight, there is an error that may have been commit-
ted in the assumption which lies at the basis of our calculations;
when the volume of a vaporized liquid is large in comparison
with the total gaseous volume, it is very probable that the vapor
cannot be likened even approximately to an ideal gas. This
point will be discussed in the following section.

6. COMPARISON OF THE VAPOR-TENSIONS OBTAINED BY THE
METHOD HEREIN DESCRIBED AND THOSE OBTAINED BY
OTHER METHODS.

Probably the best way to judge of the accuracy of the results
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obtained in the determination of the vapor-tensions of liquids ac.
cording to the method described in this paper is to compare them
with the results obtained by other investigators working by sther
niethods. Iso a criterion of accuracy i3 to be found in the more
or less close concordance of duplicate experiments. In tie fol-
lowing table are given the necessary data of my experiments to-
gether with the results obtained by othiers. It wasin some cases
necessary to interpolate tlie results of others inasmuch asmy re-
sults referred to a limmited number of temperatures; the interpo-
lations were made on a large scale, so as to avoid any slight in-
accuracy. The original papers of Young and Regnault I am iow
unable to cousult, and have to taketheir data as givenin Landolt
and Borusteins ¢ Physikalisch-Chiemisclie Tabellen'’ or other re-
productions.

TanLe IL.}
Vapor Tensions of Pure Ligquids.

|

|, H-EREE
= 3 H - . H . o - R
x o 5 E‘E io*féigf;og S wh
Namte of liguid. ; - ‘ ) ¢ S q E* \ 5= g%:ﬁ
- ‘EE 5o | 88 BN TEEg
< i 3 }’5: R sE i gam 398>
= - 1 L v — @ R R B
Benzene....eevuuan.. 34.8°1.38051443. 1876] 5 760‘ 45.4 [147.2  (Y)
Monochlorbenzene ..|34.8% j0.22011 5.1 ,1883 10} 757} 20.3 | 20,0 (Y)
Monobrombenzene ..|34.8° o 1289 2.0 1888 10| 757 8.0 ] 80 (YY)
Toluene. ...oovvvuuunn 34. 80’0 .2451] 67.6 '1014! 11 | 7541 46.8
e e 134.8%! o 4672'128.9 11949 11| 754 46.7
|

Metaxylene (not es. i
pecially purified).. 34. 8~ o. 1080 25.8 1201 17 ¢ 757 4.17
Metaxylene ( not es- \ l i |
pecially purified. . ~34 8" o. 108;, 25.9 1401\ 17 758; 4.18
Nitrobenzene ........ 134. 8O 0.0090| 1.85'1210] 23 | 757, 1.16
........ |34.8%0.0088| 1. 83 1207, 21 | 757 1.15

Carbon tetrachlorlde 34. 8°f3 3803 5.55/1913] 20 | 758|169.4 i172.6 (R)
-|27.8° “|2.4031) 3. 96 1908 18 | 756|130.0 I130.8 (R)

Chloroform ......... 35.0%3.0320| 64.48 1033| 25 | 755,290.1 301.1 (R)
Ethyl iodide «..... .. 34.8|4.2091/683. \1913) 20 | 756{199.0 [206.0 (R)
T G . 127.8412.97601483. '1918| 22 | 756l152.2 [154.7 (R)

Carbon bisulphide.. [20 o‘ 2.45411777 4 1206} 21 | 756/296.4 1208.1 (R)
Methyl formate ..... 120. ov ls.1090|195.8 ‘1166, 16 | 756!469.4
Aceticacid «vvvvn.nn. [35 o®l0.2900! 70.0 i1g60l 20 | 760! 26.3 | 26.5(R&Y)

Anu inspection of the table shows a most excellent correspond-

! Bibliograplhical references to Table IT: (¥)=Young ; Chiem. Soc. 55, 486, 188y. (R)=
Regnault: Mémoires de 'Academie, 26, 239, 7862, (R & Y) = Ramsay & Young, Chem.
Soc.. 49. 790, 1886.
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ence between my determinations of vapor-tensions and those of
others, when the liquid is but slightly volatile, as in the case of
the halogen substitution products of benzene. But when, at the
temperature taken for a determination, the elastic force of the
vapor exceeds one hundred mm. of mercury, the correspondence
becomes less close; and it is at once seen from the data that the
greater the volatility of a liquid, the greater the discrepancy.
Let us take carbon tetrachloride and ethyl iodide for examples,
since determinations of their vapor-tensions were carried out at
two different temperatures. For carbon tetrachloride the differ.
ence between Regnault’s results and mine is three and two-tenths
mm. of mercury at 34.8° and eight-tenths mm. of mercury at 27.8°%
for ethyl iodide, the difference at 34.8° is seven and one-tenths
min. of mercury, and at 27.8° one and ' five-tenths mm. of
mercury. Other examples point to the same result.

The cause of this want of concordance between my results and
those made by other methods has been hinted at in the last par.
agraph of the discussion of the errors to which this method is
subject. The assumption, made in the calculations, that the va.
porous mixture may be treated as a mixture of ideal gases, can-
not be maintained when the volunie of the vaporized liquid forms
morethanasmall fraction ofthe total volume of the gaseous mixture
that leaves the absorption vessel. The vapor of ethyl iodide that
was carried off by the air, occupied more than a fourth of the to.
tal volume, and the other volatile liquids also occnpied relatively
large volumes ; the volumes of the vapors of the less volatile
liquids, however, were but a small part of the volume of the air
passed through the liquid. And, as has been shown, the less
volatile liquids give results perfectly concordant with those ob-
tained by others. Duplicate determinations of the vapor-tensious
of some of the liquids, as toluene, nitrobenzene, etc., give almost
identical results.

It would not be difficult to apply a correction taking into ac-
count the greater volatility of some of the liquids. This I have
not, as yet, done, as in certain details I wish to alter the appa-
ratus so as to obtain even niore accurate results; thus the use of
mercury as the liquid for expelling the air from the measuring
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vessel would render the system of dryving tubes unnecessary ; also
ground glass joints are undoubtedly preierable to rubber con-
nections.  Althiougl it is my intention to stndy and wmodify the
apparatus further. I do not want to seem to ‘' reserve’ this sub-
ject of iuvestigation; on the coutrary I would be :nost glad to
see the apparatus tried and tested by others.

Although the results obtained by the employinent of this
method do not have in the case of the more volatile liquids the
same degree of accuracy attainable by othier wethiods, still they
are suited to thie requirements of an investigation of the vapor-
tensions of mixtures of liquids, since both liquids, if their vapor-
tensions be not too differeut, areaffected alike by any weaknesses
in the method, and the plienomenon observed perinits of the
drawing of theoretic conclusions. Yet I have been careful in the
discussion of results to limit myself as muclh as possible to such
as were of the same accuracy as results obtanted by otliers: thus,
my wethod can be counted upon to give results accurate to less
tlian oue . of mercury wlhen the vapor-tension does not exceed
roo mt. of mercury, and to less than two mmi. of mercury when
the vapor-teusion is less than 130 umi. of wmerenry: as can at
once be seen by a comparison of the data due ta Young (/oc.
cit.)y and Regnault (Zoc. cit.) in the greater nmnber of cases a
closer correspondence than to within two mm. cannot be found.
However, the conclusions wlhiclh I draw from my experiiments
would still hold if the error in the determination were several
times greater than that admitted above, inasmuch as it affects
cach liquid in the same way, so that, wiile it may affect the ab-
solute uccuracy, its relative effect is but slight.

7. CHOICE AND PURIFICATION OF LIQUIDS.

As stated previously, tlie liquids employed in the course of this
investigation were those recognized to be strictly normal; and of
thiose only such were chosen as can be gotten in a state of great
purity. The only associated liquid taken was acetic acid, whose
degree of association as well as whose physical properties are to
a certain extent known.

An associated liquid was investigated for the purpose of apply-
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ing the regularities and ‘‘normalities’’ discovered in inixture of
normal liquids to mixtures of a normal liquid with an associated
liquid. Great pains were taken to purify the liquids in the high-
est possible degree, it being the testimony of all those who have
occupied themselves with experimental work on the vapor-ten-
sions of liquids that even very slight impurities have a remarka-.
bly disturbing effect upon the accuracy of results; this is es-
pecially the case in results obtained by the static method; inthe
method employed by me, the influence of a slight amount of im-
purity is not so marked; still, for all that, it has been thought
best to employ such material as had been most thoroughly pu-
rified.

In order that the readers of this paper may judge for them-
selves the degree of purity of the liquids examined, a somewhat
detailed account-of the method of purification of each liquid is
given together with a statement of certain characteristic phy-
sical properties of each. All of the liquids, it may be stated be-
forehand were bought as chemically pure from the dealers (Pou-
lenc Freéres, Paris, and Billault, Paris), and at least one pound—
generally two or three pounds—subjected to the purifying ope-
rations.

Benzene.—Nearly three pouuds of benzene—labelled chemic:
ally pure and free from thiophene—were treated a half dozen
times with sulphuric acid t6 remove last traces of the sulphur
compound. The liquid was then repeatedly fractionally crystal-
lized until about a pound was obtained melting at 5.3°. This
purified product when partially solidified showed, no matter what
the proportion of liquid and solid was, the same melting point.
The whole was then distilled over a few pieces of sodium,
no variation from the boiling point 80.1° under a pressure
of 756 mm. of mercury being observed. Its specific gravity
at 25° referred to water at the same temperature was found to be
0.876611.

Toluene.—Of the quantity of toluene taken for purification
(about two pounds) more than four-fifths distilled at 109.8° to
110.1° an indication that the commercial article was nearly pure.
After a couple of distillations over a little sodium, more than a
pound was obtained boiling constantly at 110.1° under a pres.
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sure of 758 mui. of mercury. Its density at 25° referred to water
at 25.0° was ascertained to be 0.86288.

Monochlorbenzene —A couple of pounds of monochlorbenzene
were repeatedly distilled in fractions until a coustant boiling pro-
duct resulted.  About three-quarters of a pound were obtained,
boiling at 131.8° to 131.9° under a pressure of 737 wmm. of uter-
cury, and having a density at 25.07 {referred to water at same
temperature) of 1.10362.

Jonobrombenzene.—Nearly a pound of brombenzene was frac-
tionally distilled until a distillate was obtained Dboiling be-
tween uarrow liwits. About 150 grams of the product, boil-
ing at 134.3° to 154.5° under a pressure of 761 nun. of mercury
were obtained. The density at 25° referred to water at 25.0°
was 1.49352.

Nitrobenzene —Tlie comniercial article was repeatedly crystal-
lized until an almost colorless liquid was obtained, which when
solidified, sliowed tlie same temnperature during the remelting.
It possessed a melting point of 3.6°, and its deunsity was1.20201,

23"
<25°>'

Chloroform.—About two pounds of ¢ chloroform anesthét.
ique’’ of conmmerce were waslied a dozen times with water,
dried thoroughly by means of fused calcium chloride, and dis.
tilled. The larger distillate boiled at €0.8° to 61.0° under a
pressure of 751 mn. of mercury, and finally nearly a pound
was obtained boiling at 60.9° under a pressure of 755 mm. of
Hiercury,

Carbon Tetrackloride—Two pounds were washied with water,
aud thoroughly dried by mneans of concentrated sulphuric acid.
The product was then rectified, and nearly a pound boiling
througlhout the operation at 76.6° under a pressure of 756 mm.
of mercury taken for the preparation of tlie mixtures. The spe-
cific gravity of this product at 25.0° referred to water at the sane
temperature was 1.58828,

Acetic Acid —Two pounds of glacial acetic acid were repeat:
edly fractioually crystallized until a portion melting at 16.7° was
obtained. 'The bottle containing it as well as the inixtures made
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from it were kept under an air-tight bell.jar by the side of very
strong sulphuric acid.

8. PREPARATION OF “THE MIXTURES.

The mixtures were prepared by weighing out to a milligram
on a balance turning with a tenth milligram the liquids in a
flask ; the corked flask was tared, the less volatile liquid poured
in and weighed, and then the more volatile. As from forty to
one hundred grams of the mixture were weighed out, the
composition of the liquid was thus known to a ten-thousandth
at least. The mixtures were preserved in bottles or flasks
fitted with the finest corks, and kept in a dry, cool, dark
closet. As, almost invariably, the necessary vapor-tensions of
a liquid were made immediately after its preparation, no
change of concentration occurred even with the most volatile
liquids employed.

In the case of some of the niixtures of benzene and carbon
tetrachloride, the residues of the investigated mixtures were
united, and the amount of chlorine in the resulting mixture
determined according to Carius’ method.

The mixtures of benzene or toluene with acetic acid had their
concentration controlled by an analysis. Five to ten cc. of the
mixture were carefully weighed out in a glass-stoppered flask,
water was added, which took practically all the acetic acid
from the benzene, and then standardized baryta water run in
to point of neutralization. In no case did the analysis give
results sensibly different from those calculated from the direct
weighings.

9. EXPERIMENTAL RESULTS WITH MIXTURES OF NORMAL
LIQUIDS.

In the following tables (III to X) are given those data
of the experiments necessary for the calculation of the vapor-
tensions. The superscriptions over each column of data ren-
der any preliminary mention here unnecessary. In some
cases, the data have been represented graphically. (Figs. II.
to IV.)
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EXPLANATION OF FIGURES.
Fig. 2.—Vapor.tensions, total and partial, of mixtures of benzene and
carbou tetrachloride.
Abscissas = molecules of CCl, in 100 molecules of mixture.
Ordinates = vapor.tensions in mm. of mercury.
Fig. 3.—Vapor-tensions, total and partial, of mixtures of benzene and
carbon tetrachloride.
Abscissas = molecules of CHCl, in 100 molecules of mixture,
Ordinates = vapor-tensions in mm. of mercury.
Fig. 4.—Vapor-tensions of miixtures of nitrobenzene and carbon tetra.
chloride.
Abscissas= molecules of CCl, in 100 molecules of mixture.
Ordinates = vapor.tensions in mm. of mercury.

TasLr III.
Vapor-Tensions of Mixtures of Benzene and Monochlorbenzeneat 34.8°.
Vapor. Tension of Benzene at 34.8 s 145.¢4 mm. of Mercury.
Vapor.Tension of Chlorbenzene at 34.8° is 20.3 mnt. of Mercury.

Motecules Molecules
CeHClin  CoH4Clin
100 ttiole- 100 1t10le- Ten- Teu- Vol- Barom:- Iuter-
ciles of culesof Grams Granis  siotiof sionof umeof eter nal
liquid gaseous C,H,Clin C4Hq in  CyH,Cl CyH, _ air in  pressure
mixture. mixtire, vapor. vapor. i wmnt. inmn, fuvwem omm iaomam,
15.18 1.33 0.0454  2.3075 1.7 124.6 3782 763 11
29.08 6.11 0.0857 0.9143 6.6 101.3 1900 757 17
65.06 19.37 0.1800 0.5202 12.3 51.3 2032 758 18
79.21 35.15 0.3572 0.4750 19.1 27.9 3787 756 12
TABLE IV.

Vapor- Tensions of Mixturves of Toluene and Monochlorbenzene at 34.8°.
Vapor. Tension of Toluene af 34.8° is 46.8 mut. of Mercury.
‘apor-Tension of Chlovbenzene at 3.4.8°1s 20.3 mm. of Mercury.

Molecules
CqH:Cl in
100 1mole-
ciles of
lignid
mutixture.

18.96
41.82
76.71

Molecules
CyH,;Clin
100 1tole-
ciiles of Grams
gaseons CyH,Cliu
mixture, vapor.
9.84 0.0510
22.66 0.0985
67.79 0.208g

Ten- Teu- Vol- Barom- Inter-
Grams sion of sionof umeof eter ual
C,Hgin CgH,Cl C,H, air in pressure
vapor. immm. inmiu. inmce. nim.  iu mm
0.3821 4.3 38.2 1963 757 17
0.2754 8.1 27.6 1973 760 21
0.0821 17.5 8.2 1965 757 18
TABLE V.

Vapor-Tensions of Mixtures of Benzene and Monobrombenzeneat 34.8°
Vapor. Tension of Benzene as 34.8° 1s 145.4 mm. of Mercury.
Vapor. Tension of Brombenzene at 34.8° is 8.0 mm. of Mevenry.

Molecules
C4HBrin
100 1110le-
cules of
lignid

ntixture.

30.33

Molecules
CeHyBrin
100 mniole-
cules of

gaseous CyH;Brin

niixtire,

24.30

Grams

vapor.

0.03G5

Teu- Ten- Vol- Barom- Inter-
Grams  sionof sionof umeof eter nal
CgHyin  C,H.Br CaH, . air in  pressure
vapor. imaumm, inmm.,  ince. . iumw,
0.4975 2.6 103.1 1018 757 13
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TarrLe VI,
Papor-Tensions of Mixvtures of Benzenc and Chloroform al 3.8 .
Vapor-Tension of Benzene at 34.8 is 1754 mm. of Mercury.
Vapor-Tension of Chloroform at 3.4.8 is 289.2 womn. of Mevcwry.

Molecules Molecules
CHCl, in CHCl; in

100 1ole- 100 miole. Ten- Temn Vol Bavoum- luter-
cales of cules of  Gratns Gratts stou of  sionn of e of  eler ual
liquid gaseous CHClL;iu  CyHgziu  CHCl, G, air i1l presstre

mixture, mixtire. vapor. vapor. immnt imamw. ftrec, o in i,
16.97 24.30 0.3243  0.6607  39.6 123.5 1032 73§ 23
30.53% 3.7 1.1515  0.4187 130.7 745 1030 736 25
59.47 7325 14770 0.3331 1622 $9.2 1030 49 25

[TO Bl CONTINUED.]

[CONTRIBUTION FROM Tl JOHN HARRISON LABORATORY OF
CurMISTRY, NoO. 2.)

THE ELECTROLYTIC DETERMINATION OF RUTHENIUTL.
By EuGar I SMI1TH ANt HAiRRY B HARRS,

Reonived Ajrii 2z, 9803,

ROM tiwe to time efforts have been 1made in this laboratory
F to gather information upon the deportment of the metals of
the platinum gronp toward the electric current. Palladinm,
platinum, and rhodium have becn determined gnautitatively,
and also separated electrolytically from otlier metals of the group,
e. g, palladium from iridium. The purpose of this communi.
cation is to present data relating to the clectrolysis of rnthenimn
salt solutions, The literature of electrolysis does not contain any
information upou this point.

The salt upon which the experiments were made was the double
chloride of potassium and ruthemmnm. It was prepared by fusing
thie finely divided metal with potassium nitrate and hvdroxide.
This fusion was made in a silver crucible. The aqueous extract
was acidified with lhivdrocliloric acid, and the solution was then
evaporated to crystallization. Much potassium cliloride sepu-
rated at first, but finally the double salt appeared in minute red.
colored needles.

The platinum dish in which the electrolytic decomposition was
carried out was coated upon its inner surface with a laver of
copper. In the first trials the solution of thie double salt was
mixed with tliree gras of sodium acetate, and acted upou by a
current of N. D.  =o.01-0.05 ampere. The quantity of the
ruthenium salt not being very abuudant it was necessary to cou-
duct the determnations with rathier small aniounts of material.



